Objectives Despite advances in our understanding of metabolic syndrome (MetS) and the treatment of each of its components separately, currently there is no single therapy approved to manage it as a single condition. Since multi-drug treatment increases drug interactions, decreases patient compliance and increases health costs, it is important to introduce single therapies that improve all of the MetS components. Evidence acquisition We conducted a PubMed, Scopus, Google Scholar, Web of Science, US FDA, utdo.ir and clinicaltrial.gov search, gathered the most relevant preclinical and clinical studies that have been published since 2010, and discussed the beneficial effects of dipeptidyl peptidase (DPP)-4 inhibitors to prevent and treat different constituent of the MetS as a single therapy. Furthermore, the pharmacology of DPP-4 inhibitors, focusing on pharmacodynamics, pharmacokinetics, drug interactions and their side effects are also reviewed. Results DPP-4 inhibitors or gliptins are a new class of oral anti-diabetic drugs that seem safe drugs with no severe side effects, commonly GI disturbance, infection and inflammatory bowel disease. They increase mass and function of pancreatic β-cells, and insulin sensitivity in liver, muscle and adipose tissue. It has been noted that gliptin therapy decreases dyslipidemia. DPP-4 inhibitors increase fatty oxidation, and cholesterol efflux, and decrease hepatic triglyceride synthase and de novo lipogenesis. They delay gastric emptying time and lead to satiety. Besides, gliptin therapy has anti-inflammatory and anti-atherogenic impacts, and improves endothelial function and reduces vascular stiffness. Conclusion The gathered data prove the efficacy of DPP-4 inhibitors in managing MetS in some levels beyond anti-diabetic effects. This review could be a lead for designing new DPP-4 inhibitors with greatest effects on MetS in future. Introducing drugs with polypharmacologic effects could increase the patient's compliance and decrease the health cost that there is not in multi-drug therapy.
Objectives
Metabolic syndrome (MetS) is a major public health problem globally with a prevalence of over a billion people in the world [1] . It is a clustering of three of the five following clinical features: a waist circumference (≥ 102 cm for men and ≥ 88 cm for women), serum fasted triglycerides (≥ 150 mg/dl), serum HDL-C (˂ 40 mg/dl in men and ˂ 50 mg/dl in women), blood pressure (≥ 130 mmHg systolic blood pressure or ≥ 85 mmHg diastolic blood pressure) and a fasting blood glucose (≥ 100 mg/dl) [2] . Although the exact mechanism leading to MetS is still unclear, but there is accumulating evidence that supports the notion that MetS is due to a combination of genetic factors [3] , diet [4] and exposure to endocrine disturbing chemicals [5] that could increase the rate of MetS in special occupations [6] .
There is a direct association between central obesity and MetS [7, 8] . Increase in the mass of adipose tissue elevates the rate of lipolysis. It causes in hypertriglyceridemia, hyperglycemia, impaired glucose tolerance, insulin resistance and type 2 diabetes mellitus (T2DM). In obese patients, there is a proinflammatory state in some glucose regulatory organs that drive in an activation of prothrombotic signaling pathways and cardiovascular diseases [7] . Furthermore, individuals with MetS are susceptible to fatty liver, polycystic ovary syndrome, cholelithiasis, sleep apnea [2] and malignancies [7] .
Gastric inhibitory polypeptide (GIP) and glucagon-like peptide (GLP)-1 are incretin hormones and both potentiate glucose-stimulated insulin secretion [9] . Dipeptidyl peptidase (DPP)-4 is a transmembrane glycoprotein amino peptide that is widely expressed by tissues, including the liver, lung, kidney, intestine, lymphocytes and endothelial cells and is measurable in plasma [10] . DPP-4 inactivates GIP and GLP and accounts for their relatively short half-lives in plasma [11] . Figure 1 demonstrates GLP-1 and GIP effects in tissues. DPP-4 inhibitors or gliptins are the new class of antidiabetic drugs that have pleiotropic effects and are capable of producing more than one benefit in addition to their blood glucose lowering properties [14] .
Exercise, dietary poly phenols and herbs [7] including saffron [15] , green tea [16] , berberine [17] and avocado [18] , and use of special diet for modification of gut microbiome containing prebiotics, probiotics or other dietary interventions [19] may partly influence some compartments of MetS. Beyond lifestyle modification, multiple pharmacological interventions are required to resolve MetS both underlying and related risk factors [7, 8] .
In this regard, chimeric DPP-4/angiotensin converting enzyme inhibitors are introduced that exhibits polypharmacological effects to treating MetS [20] . However, the other studies showed the interaction between DPP-4 inhibitors and angiotensin converting enzyme inhibitors including angioedema and reducing antihypertensive effects of the later drugs [21] , especially when angiotensin converting enzyme is maximally inhibited [22] .
There are many studies investigating the effects of DPP-4 inhibitors on the different features of MetS, but there is no comprehensive study on this disorder as a whole. To improve patients' compliance and reduce the cost and probable drug interactions, medicines with multiple effects may be of value in managing MetS. In this regards, we have tried to determine the effects of DPP-4 inhibitors on the components of MetS according to the preclinical (in vitro, in vivo) and clinical study observations. Herein, we explain DPP-4 inhibitors repositioning in handling MetS risk factors beyond its anti-diabetic properties.
Results

Pharmacology of DPP-4 inhibitors
Pharmacodynamics and therapeutic properties DPP-4 inhibitors are incretin-base anti-diabetic agents. DPP-4 inhibitors increase the concentration of GLP-1 and GIP by inhibiting DPP-4 enzyme activity that in turn increase the insulin secretion from β-cells and reduce blood glucose [14] . Furthermore, DPP-4 inhibitors slow down the progression of T2DM by preserving pancreatic β-cell function. In comparison with GLP-1 receptor agonists, the other group of incretin base anti-diabetic agents, DPP-4 inhibitors are associated with good patient compliance due to their oral administration and low risk of side effects [23] . Because insulinotropic and glucose-lowering effects of GIP is absent in T2DM, it is concluded that the anti-hyperglycemic effects of DPP-4 inhibitors are mediated by increasing GLP-1 concentration [24] . DPP-4 inhibitors may evoke effects in type 1 diabetes (T1D), however, clinical studies have shown some controversial results [25] .
Since the launch of sitagliptin in 2006, DPP-4 inhibitors have found an important place in T2DM treatment [23] . Nowadays, they are a suitable class for diabetes therapy as they have a low incidence of hypoglycemia, good reduction in hemoglobin A1c (HbA1c) and lack of weight gain [14] . It has been noted that DPP-4 inhibitors are weight-gain neutral [26] and may actually reduce weight [27] . Alogliptin, anagliptin, evogliptin, gemigliptin, linagliptin, omarigliptin, saxagliptin, sitagliptin, teneligliptin, trelagliptin and vildagliptin are commonly used DPP-4 inhibitors [28] . In comparison with sitagliptin (100 mg, once a day), it seems the newest derivatives of this class including evogliptin (5 mg, once a day), teneligliptin (20 mg, once a day) and omarigliptin (25 mg, once a week) drive greater decline in HbA1c after 12-week monotherapy [29] [30] [31] [32] . More details are included in Table 1 , where the cost, usage mode and Fig. 1 Glucagon-like peptide-1 (left part) and gastric inhibitory polypeptide (right part) action in peripheral tissues. GIP is secreted from K-cells predominantly located in the proximal small intestine and GLP-1 is secreted from L-cells especially located in the distal ileum [12] . GIP is also expressed in hippocampus and its receptors are detectable in the hippocampus, cerebral cortex and olfactory bulb. It has a role in behavior modification and neural progenitor cell proliferation. Furthermore, the GLP-1 receptors and nerve containing GLP-1 are localized in parts of the brain and regulate appetite, gastric motility, and cardiac function. In the pancreas, GIP and GLP-1 increase glucose-dependent insulin secretion. Besides, GLP-1 inhibits glucagon secretion from α-cells glucosedependently that reduces the risk of hypoglycemia. GLP-1 also increases insulin sensitivity. It reduces hepatic gluconeogenesis and increases glucose uptake and storage in skeletal muscles. GIP and GLP-1 evoke both lipolytic and lipogenic effects [9, 11] . Surprisingly, GLP-1 attenuates cutaneous inflammation by reducing both lymphocyte migration and macrophage activation, and decreasing cytokine production. It increases regulatory T cells and decreases invariant natural killer T [13] . There is evidence that GIP induces bone formation by stimulating cAMP and increasing intracellular Ca 2+ level coupled to increase in alkaline phosphatase activity and collagen type 1 mRNA [9] .GLP-1: glucagon-like peptide-1, GIP: gastric inhibitory polypeptide, DPP-4: dipeptidyl peptidase-4 Pharmacokinetics DPP-4 inhibitors differ from each other based on their pharmacokinetic properties (Table 2 ). Based on half-life and dissociation from the DPP-4 enzyme they are prescribed twice a day, once a day or once a week. Alogliptin [43, 44] , evogliptin [30] , gemigliptin [46] , linagliptin [58, 59] , omarigliptin [52] , sitagliptin [61, 62] , teneligliptin [55] and trelagliptin [53] have long half-lives with once daily dosing. Omarigliptin [52] , and trelagliptin [53] are administrated once weekly. Although anagliptin, vildagliptin and saxagliptin have shorter half-lives, they remain bound to the DPP-4 enzyme longer than predicted by their half-lives and dissociate slowly. A twice-daily administration is sufficient for anagliptin and vildagliptin, and saxagliptin may even be used once daily [28, 57, 63, 64] . Evogliptin is normally prescribed as a daily dose [30] .
DPP-4 inhibitors undergo hepatical-CYP-dependent and independent metabolism. Some of them have active metabolite after metabolism in the liver and hepatic impairment may influence their pharmacokinetics, but clinical studies could not prove it [58] . They are eliminated renal, except linagliptin that is exerted biliary [28] . Totally, the gliptin-dose adjustment is necessary for renal failure [28] .
Drug interactions
The risk of hypoglycemia increases in combination therapy of DPP-4 inhibitors with sulfonylureas, insulin or insulin secretagogues, but not with metformin or thiazolidinedione [34, 40, 48] .
Some of them are P-glycoprotein (P-gp) substrates. In combination with an inhibitor of P-gp, the absorption of DPP-4 inhibitors increases [65] , and with a strong P-gp inducer their exposure and efficacy decreases [40] . About DPP-4 inhibitors that are metabolized with CYP isozymes, caution should be taken in combination therapy of them with strong CYP3A4/5 inhibitors [37] or inducers [40] . Besides, combination therapy with angiotensin-converting enzyme inhibitors may increase the risk of angioedema that might be associated with elevation of bradykinin and substance P concentration [34] . The other related drug interactions are summarized in Table 3 .
Side effects
Acute pancreatitis and arthralgia have been reported as DPP-4 inhibitors side effects [27] . Another study proposed diabetic medication containing DPP-4 inhibitors might increase the risk of inflammatory bowel disease [66] . Infections, gastrointestinal adverse effects, hypersensitivity and skin-related reactions, malignancies, renal and hepatic toxicity are the other possible gliptin rare and controversial adverse effects [34] . DPP-4, known as CD26, is also expressed on some immune cell subtypes and in the epidermis. Cutaneous reactions may result from inhibition of this enzyme with some DPP-4 [63, 64] T max: time in which the maximum serum concentration of the drug is seen T 1/2 : half-life inhibitors [13] . The Side effects of dipeptidyl peptidase-4 inhibitors are categorized in Table 1 . These side effects occur with mild-to-moderate severity and some in rare cases. In this regards, DPP-4 inhibitors are considered safe drugs and no dose limiting toxicity has been observed in using them until now. However, since this class of antidiabetic drugs has been launched a little more than one decade, pharmacovigilance monitoring seems necessary for their undefined side effects.
The effects of DPP-4 inhibitors on metabolic syndrome
Effects on lipid profile, body weight and related complications Non-high-density lipoprotein (HDL)-cholesterol, including low-density lipoprotein cholesterol (LDL-C), intermediate density lipoprotein cholesterol (IDL-C), lipoprotein(a), verylow-density lipoprotein cholesterol (VLDL-C; including VLDL remnants) and chylomicron particles (including chylomicron remnants) are atherogenic lipids and have the ability to increase the risk of atherosclerosis. Atherogenic dyslipidemia, elevation in LDL-C and non-HDL-C and reduction in HDL-C, is seen in MetS and T2DM. Insulin resistance and MetS are related to each other. Usually, insulin resistance is accompanied with abnormal fat distribution, predominant upper body fat, obesity and evidence of inflammatory conditions [2, 67] .
DPP-4 inhibitors may evoke some lipid-lowering and antiatherogenic outcomes besides their glycemic effects via different mechanisms that are discussed in Fig. 2 .
Preclinical studies
The anti-atherosclerotic effects of anagliptin have been attributed to suppression of smooth muscle cell proliferation and blocking inflammatory effects of monocytes [68] . Alogliptin downregulates IL-6 gene expression in mononuclear cells but not in aortic endothelial cells [69] . In HepG2 cells, sterol regulatory element-binding protein activity was suppressed with anagliptin [70] . A model of DPP-4 knockdown in human HepG2 showed that hepatic DPP-4 induces insulin resistance accompanied by a reduction in glycogen storage and the increase of glucose output and lipid accumulation in the liver [71] . The incubation of 3 T3-L1 adipocytes with vildagliptin increased the gene expression and protein level of ATPbinding cassette transporter1 and ATP-binding cassette subfamily G member 1 accompanied with the increase in cholesterol efflux [72] . Besides, its administration in metabolic syndrome is accompanied by a decrease in vascular inflammation and atherosclerosis [73] .
So many studies mentioned that administration of DPP-4 inhibitors improves lipid profile and decreases high lipid dietinduced vascular damages and atherosclerosis. These effects are linked to the decrease of intestinal cholesterol absorption [74] . The other mechanism is attributed to an increase in the serum concentration of fibroblast growth factors19 and 21, an elevation in the hepatic level of peroxisome proliferatoractivated receptor-α and cyclic adenosine monophosphate (cAMP) reactive element binding homolog, upregulation of liver expression of carnitine palmitoyltransferase −1 and so downregulation of fatty acid synthase [75] . Mice studies showed that DPP-4 inhibitors reduce de novo synthesis of triglycerides in the liver [70] . They suppress hepatic accumulation of triacylglycerol and diacylglycerol, and modulate hepatic mitochondrial function [76] . DPP-4 inhibitors prevent lipid accumulation in the kidney tissue by inhibition of kidney lectin-like oxidized LDL receptor-1 expression and phosphorprotein kinase C level [77] . These drugs may evoke promising therapeutic impacts in MetS by activating 5' AMP-activated protein kinase, fatty acid oxidation and suppressing both de novo lipogenesis and oxidative stress [78] .
Besides, the administration of these drugs decreases atherosclerotic lesions formation and reduces leukocytes adhesion to endothelial cells by activating AMP-activated protein kinase [79] . DPP-4 inhibitors suppress macrophages accumulation and inflammation [80] . They ameliorate atherosclerosis by shifting monocytes phenotype to M2 macrophages via SDF-1/CXCR4 signaling [81] . (Table 4) .
Clinical studies
It has been discussed that higher DPP-4 gene expression in visceral adipose tissue is associated with metabolic disturbances and inflammation [91] . A meta-analysis reported that glucose lowering drugs result in varying effects on the lipid profile. It concluded that DPP-4 inhibitors evoke more control on the lipid profile than sulfonylureas [92] . In this regards, some clinical studies mentioned on the diminishing effects of DPP-4 inhibitors on triglyceride-rich lipoprotein remnant [93] , remnant-like particle cholesterol [94] , and the decrease of the ApoB48 level after a high-fat meal [95] . A meta-analyses review investigated that sitagliptin alone or in combination therapy possesses improving effects on TG and HDL concentration in patients with T2DM [96] . In T2DM, administration of sitagliptin reduced triglyceride-rich ApoB-containing lipoprotein levels by decreasing the synthesis of these particles [97] . A clinical study linked the antiatherogenic effects of sitagliptin to its anti-inflammatory properties [98] .
Administration of sitagliptin and vildagliptin in patients with T2DM reduced arterial stiffness, blood pressure, lipid profile and inflammatory parameters beyond glucose control [99] .
Administration of vildagliptin to patients with T2DM reduced blood pressure, body weight and fasting lipid profile [100] . Furthermore, administration of alogliptin to T2DM patients evoked improving effects on the level of HbA1c, blood glucose, total cholesterol and LDL-C [101] . Administration of anagliptin to T2DM restored fasting and postprandial hyperlipidemia and hyperglycemia [102] . In T2DM patients, alogliptin treatment in comparison with the other conventional treatments induced better-preventing effects on progression of carotid atherosclerosis [103] .
By considering the aforementioned data from pre-clinical and clinical studies in section 4.1, gliptin therapy decreases lipid synthesis. They inhibit sterol regulatory element-binding proteins. Besides, they increase lipid peroxidation by upregulating carnitine palmitoyltransferase-I and leads to a decrease in the intrahepatic lipid content. These drugs increase cholesterol efflux by upregulating ATP-binding cassette transporter1 and ATP-binding cassette sub-family G1. DPP-4 inhibitors decrease appetite and delay gastric emptying. DPP-4 inhibitors evoke suppressing impacts on smooth muscle cells proliferation and inflammatory effects of monocytes. In this regards, they restored dyslipidemia, obesity, atherosclerosis and its related complications independent on GLP-1 increases in some levels (Fig. 2) . Male LDL-receptor -deficient mice, anagliptin 0.3% of diet for 2 weeks ↓ total cholesterol, TG, VLDL-C and LDL-C ↓ hepatic sterol-regulatory element-binding protein-2 gene expression at night [70] Male human cholesteryl ester transfer protein/human apoB100 (CETP-apoB100) transgenic mice on high fat diet for 3 months and continued with high fat diet and sitagliptin 500 mg/kg in drinking water for 4 weeks Ref.
↑ uncoupling protein 1 expression in subcutaneous fat ↑ insulin sensitivity ↓ hepatic TG accumulation ↓ hepatic inflammation and fibrosis
Male Japanese white rabbits on high cholesterol diet, after 2 weeks accompanied with anagliptin, 0.3% w/v, in drinking water, for 10 weeks Anti-hypertension Male spontaneously hypertensive rats, sitagliptin 10 mg/kg/day, gavage, 2 weeks ↓ blood pressure ↑ renal blood flow ↑ renal artery endothelial function ↑ endothelium-dependent relaxation in renal arteries ↑ activity of PKA, LKB1, AMPKα and eNOS in renal artery [83] spontaneously-hypertensive-rat, vildagliptin 10 mg/kg/day, in drinking water, for 12 weeks
In vivo: ↓ blood pressure
In isolated aorta: restored endothelium-dependent relaxation [84] Male Dahl salt-sensitive hypertensive rats, on high salt regime (NaCl 8%) for 2 weeks, continued with linagliptin 3 mg/kg/day, orally, for 4 weeks [86] Glucose lowering effects Zucker diabetic fatty rats Sitagliptin, 10 mg/kg/day, gavage, 6 weeks ↓ triglyceride, systoli, diastolic and mean aterail pressure ↓ glycemia, HbA1C and ↑ insulin ↓High-sensitive C-reactive protein, IL-1β, serum total antioxidant status, heart and pancrase MDA ↓ inflammatroy state, fibrosis, intra islet vaculation and congestion in pancratic histology [87] spontaneously hypertensive rat -obese strain sitagliptin, 30 mg/kg/day, in drinking water, 6 weeks ↓ fasting glucagon by 33% In oral glucose (6 g/kg) tolerance test: -↓ plasma glucose -↑ insulin secertion [88] Effects on high blood pressure Hypertension is considered another important cardiovascular risk factor in the MetS [2] . There is a growing body of data has indicated that oral DPP-4 inhibitors play some antihypertensive actions via different mechanisms.
Preclinical studies
In isolated rat aorta, it has been shown that DPP-4 inhibition induces vasodilation via NO release and the activation of vascular potassium channels, independently to the GLP-1 pathway [82] . Isolated aorta from rats with MetS was sensitive to vasodilator effects of sitagliptin. The protective effects of sitagliptin on hyperglycemia-induced vascular damages are linked to NO signaling and epigenetic alteration [104] . In spontaneously hypertensive rats, administration of sitagliptin improved endothelium-dependent relaxation in renal arteries, restored renal blood flow and reduced systolic blood pressure. These effects were linked to the protective effects of sitagliptin on endothelial cell function and NO signaling. Restoration of endothelial NO synthesis (eNOS) activity by sitagliptin was attributed to its effects on cAMP, protein kinase A and glucagon-like peptide 1 receptors [83] .
A later study showed that DPP-4 inhibition activates mitochondrial uncoupling proteins that in turn reduces oxidative stress and restores endothelium-dependent contractions in hypertension [105] .
In spontaneously-hypertensive-rats, administration of vildagliptin decreased blood pressure and restored endothelium-dependent relaxation of the isolated aorta, via inhibition of prostaglandins [84] . A study showed that linagliptin ameliorated cardiovascular injury in salt-sensitive hypertensive rats via attenuation of cardiac angiotensinconverting enzyme and oxidative stress, independently of blood pressure and blood glucose [85] . Besides, administration of tenegliptin to hypertensive rats restored glycaemia and improved endothelial dysfunction via upregulation of eNOS [86] .
Clinical studies
In healthy volunteers, antihypertensive effects of sitagliptin has been shown and discussed that this effect is not directly related to GLP-1 or brain natriuretic peptide concentration [106] , it could induce vasodilation by increase in growth hormone secretion [107] .
In hypertensive T2DM patients, administration of sitagliptin decreased systolic blood pressure independent of glucose-lowering effects [108] . In patients who suffered from diabetic nephropathy, adding sitagliptin (50 mg/day, 3 months) decreased urine albumin-to-creatinine ratio through the decrease in blood pressure and estimated glomerular filtration Ref.
-shiftes peak insulin secretion earlier Streptozotocin-diabetic mice on des-floor-sitagliptin in chow for 39 days (from 14 days before, during and 20 days after induction of diabetes)
↓ blood glucose level and HbA1C ↑ glucose-stimulated insulin secretion ↓ fasted plasma glucagon to insulin ratio ↑ pancreatic insulin content ↓ pancreatic glucagon content According to the morfological evaluation:
↓ βcell loss ↓ α cell expasion [89] high fat diet/streptozotocin mice received alogliptin (5, 15, 45 mg/kg/day) oral, for 10 weeks ↓ postprandial blood glucose levels, 6-h fasting glucose levels, HbA1C levels and oral glucose tolerance test ↑ pancreas function, its β-cell mass composition, insulin content and islet endocrine secretion ability back to the normal expression: Pfkfb3, Agt, Tgfb1, G6pc, Neurod1, Ins1 [90] rate, especially in patients with micro-and macroalbuminuria. These effects were independent of the reduction in HbA1c concentration [109] . Furthermore, administration of vildagliptin to patients with T2DM and hypertension improved endothelial function and arterial stiffness, independently of glycemic control [110] . However, the other study discussed that although adding sitagliptin to metformin-treated T2DM patients evokes improving impacts on body mass index and TG level but has no beneficial effects on arterial stiffness and blood pressure [111] . The neutral effects of sitagliptin on cardiovascular function have been shown in metformin treated T2DM patients with no history of heart failure or renal insufficiency [112] . Besides, a systematic review and meta-analysis in patients with T2DM revealed there are no significant differences between DPP-4 inhibitors and other antidiabetic drugs on Patients with T2DM and hypertension vildagliptin 100 mg/day, twice a day, for 12 weeks ↑ endothelial function ↓ arterial stiffness [110] glycaemia control T2DM patients sitagliptin 50 mg/day for 12 weeks ↓ blood glucose ↑ active glucagone like peptide-1 (GLP-1) ↑ active gastric inhibitory polypeptide (GIP) ↓ total GLP-1 ↓ total GIP ↓ glucagon [116] T2DM patients sitagliptin, 100 mg/day + metformin, for 52 weeks ↓ HbA1c no body weight gain no hypoglycemia events [117] T2DM patients on glimepiride Vildagliptin was added 50 mg/day, 24 weeks ↓ HbA1c [125] T2DM patients on insulin therapy ± metformin vildagliptin was added 50 mg/day, twice a day, 24 weeks ↓ HbA1c ↓ hypoglycemia [126] T2DM patients on sulfonylurea ± metformin sulfonylurea was switched to sitagliptin 100 mg/day ↓ hypoglycemia in T2DM patients who was fasted during Ramadan [128] T2DM patients teneligliptin 10 or 20 mg/day for 4 weeks ↓ 2-h post prandial glucose (2 h-PPG) ↓ fasting blood sugar (FBS) ↓ serum glucagon [131] blood pressure changes. DPP-4 inhibitors may exert a modest blood pressure-lowering effects in comparison with placebo [113] . There are controversial clinical data on antihypertensive effects of DPP-4 inhibitors. But totally, DPP-4 inhibitors increase NO bioavailability and signaling and upregulate eNOS. They evoke anti-oxidative effects and inhibit prostaglandins and cardiac angiotensin-converting enzyme. They might decrease the chance of vascular stiffness and hypertension via improvement of endothelial function. Some of these cardioprotective and vasodilatory effects are mediated by specific receptors for DPP-4 or GLP-1 (Fig. 2 ).
Effects on blood glucose level
Diabetes mellitus is often present in MetS and obesity [1] . DPP-4 inhibitors generally are considered as glucoselowering agents in T2DM with minimal risk of hypoglycemia. Many preclinical and clinical studies support their effectiveness in T2DM.
Preclinical studies
Chronic administration of sitagliptin favorably improved hyperglycaemia induced dysmetabolism, inflammation and oxidative stress [87] . Furthermore, it favorably decreased fasting glucagon concentration, improved glucose tolerance and restored early phase insulin secretion [88] . Protective effects of des-floor-sitagliptin were linked to alleviation of pancreatic β-cell apoptosis and decrease in pancreatic α-cell proliferation [89] .
Alogliptin administration exerts protective effects against development of diabetes linked to its ability in decreasing endoplasmic reticulum and oxidation stress, increasing β-cell differentiation and proliferation, and restoring β-cell function [90] . Furthermore, it has been discussed that linagliptin delays the onset of diabetes by increasing total islet mass and total β-cell mass [114] . In streptozotocin-diabetic rats, vildagliptin favorably improved glucose levels by upregulatin of GLP-1, glucose transport protein 4 and sterol-regulatoryelement-binding proteins -1c mRNA levels and increase in β-cell proliferation [115] .
Clinical studies
In T2DM patients, whose blood glucose inadequately was controlled with insulin monotherapy adding sitagliptin was a good choice. Sitagliptin suppressed glucagon secretion in response to a meal [116] . Another study reported that adding sitagliptin to metformin in T2DM patients reduces HbA1c without hypoglycemia occurrences and weight gain [117] , especially in younger and older patients [118] . In T2DM patients, switching metformin with glimepiride to metformin plus sitagliptin reduced the risk of hypoglycemia. Furthermore, sitagliptin is considered as an optimal treatment to prevent hyperglycemia relapse after remission in obese African American subjects with diabetic ketoacidosis and sever hyperglycemia. This effect is related to improve in β-cell function [119] .
Adding acarbose to ongoing alogliptin therapy [120] or sitagliptin to ongoing acarbose therapy [121] decreased blood glucose fluctuations and prevented postprandial insulin secretion. One study introduced sitagliptin as a good choice in insufficiently controlled T2DM. It showed worth effects on decreasing HbA1c and fasting blood sugar levels [103] . Sitagliptin plus basal insulin regimen is as effective and safe as the basal-bolus insulin therapy for the inpatient management of general medicine and surgery patients with T2DM patients [122] .
A study in 2010 showed that vildagliptin has a good effect on glycemic control and decrease of hypoglycemic episodes in T2DM patients [123] . In comparison with the low dose of glimepiride (2 mg/day), adding vildagliptin to T2DM patients on metformin monotherapy decreased the risk of hypoglycemic episodes [124] . In patients with T2DM, adding vildagliptin to sulfonylurea [125] or insulin [126] improved glycemic control without increasing the risk of hypoglycemia and weight gain. Besides, administration of vildagliptin to T2DM patients in the end-stage renal disease under hemodialysis decreased blood glucose fluctuation [127] .
Switching anti-hyperglycemic drugs from sulfonylurea to sitagliptin reduced episodes of hypoglycemia in T2DM Muslim patients who were fasted during Ramadan [128] . However, a meta-analytical study in comparing DPP-4 inhibitors (vildagliptin and sitagliptin) with gliclazide in T2DM fasted patients in Ramadan revealed that the incidence of hypoglycemia is low with no differences. The authors advised receiving treatment at evening after breaking the fast [129] .
A retrospective study on T2DM patients on metformin that received sulfonylurea or linagliptin as the second line-therapy revealed the risk of hypoglycemia is lower in linagliptin treated group and it decreases associated health-care costs [130] . Administration of teneligliptin to T2DM patients evoked a good glycemic control. It decreased 2-h postprandial glucose, 24-h mean glucose and fasting plasma glucose with no adverse effects and hypoglycemia occurrence [131] . Besides, combination therapy of metformin plus DPP-4 inhibitors resulted in lower healthcare costs than with metformin and other oral antidiabetic drugs in relation to better metabolic control, better compliance, and lower incidence of hypoglycemia [132] .
DPP-4 inhibitors decrease postprandial hyperglycemia not only in T2DM but also in T1D [133] . In HIV + patients with impaired glucose tolerance who are on combination antiretroviral therapy, sitagliptin favorably improved inflammation, chronic immune cell activation and reduced glucose area under the curve [134] . In a model of prednisolone-induced diabetes, although sitagliptin improved pancreatic function, it had no improving effects on glucose tolerance [135] .
Furthermore, the presence of MetS influences on the response incretin therapy. The efficacy of DPP-4 inhibitors is more than exenatide treatment in T2DM patients without MetS and vice versa [136] .
DPP-4 inhibitors are the newest class of drugs for managing T2DM. They inhibit DPP-4 enzyme activity and increase the half-life GLP-1. GLP-1 increases insulin secretion from pancreas β-cells and decrease glucagon secretion from α-cells. Besides, they elevate the mass of β-cells in the pancreas. Totally, they increase insulin sensitivity and have worth effects on lowering postprandial blood sugar and HbA1c (Fig. 2) .
Discussion and conclusion
There is a variety of in vitro, in vivo (Table 4) , and clinical studies (Table 5) showing that DPP-4 inhibitors attenuate MetS risk factors in some levels (Fig. 2) . DPP-4 inhibitors are the newest anti-diabetic drugs with efficient glycemic control and the lowest hypoglycemia fluctuation. They evoke favorable metabolic and vascular effects beyond glucosecontrol properties. They inhibit inflammatory and atherogenic pathways, the main predisposing factors for cardiovascular diseases. According to the literate data, administration of DPP-4 inhibitors mitigates hypertension, attenuates dyslipidemia and diminishes weight gain. DPP-4 inhibitors improve endothelial function and evoke vasodilation via DPP-4 specific receptors and activating eNOS. They restored dyslipidemia by the reduction in lipids absorption and synthesis and increase of lipids exertion. DPP-4 inhibitors seem safe drugs with no severe side effects.
In this study, mostly DPP-4 inhibitors influence on T2DM and established cardiovascular disease, hypertension and dyslipidemia were reported and gathered data proved their efficacy in managing them. Though these effects are weak in some levels, but combination therapy of DPP-4 inhibitors with the other appropriate drugs may be relevant and cost-effective. Furthermore, this review presents an idea for introducing new DPP-4 inhibitors with greatest effect on MetS in future. Introducing new DPP-4 inhibitors with pleiotropic effects make it possible to manage MetS as a single disease. In this regard, monotherapy will increase the patient's compliances, decrease drug-drug interactions and reduce health-cost.F uture prospective
Since this class of drugs has been introduced for less than a decade, post-marketing evaluation is needed to verify their probable side effects and their safety during pregnancy and lactation.
Collectively, introducing a new design of DPP-4 inhibitors with polypharmacological effects on MetS components engages them as a novel adjutant or main therapies in prevention and managing MetS risk factors. Adding them to therapeutic guidelines increases patient's compliance, decreases drugdrug interactions and decreases health-costs.
